Extracellular calcium-sensing receptors in fishes.
The extracellular calcium-sensing receptor (CaSR) in fishes, like the CaSRs of tetrapod vertebrates, is a dimeric seven transmembrane, G protein-coupled receptor. The receptor is expressed on the plasma membranes of a variety of tissues and cells where it functions as a sensor of extracellular calcium concentration ([Ca(2+)](o)) in the physiological range. In the context of systemic calcium homeostasis, CaSR expressed in endocrine tissues that secrete calciotropic and other hormones (pituitary gland and corpuscles of Stannius) may play a central role in global integrative signaling, whereas receptor expressed in ion-transporting tissues (kidney, intestine, gills, and elasmobranch rectal gland) may have local direct effects on monovalent and divalent ion transport that are independent of endocrine signaling. In fishes, specifically, CaSR expression at the body surface (at the gills and olfactory tissues, for example) may permit direct sensing of environmental Ca(2+) and Mg(2+) concentrations, especially in the marine environment. Additionally, CaSRs may have other widespread and diverse roles in extracellular Ca(2+) sensing related both to organismal calcium homeostasis and to intercellular Ca(2+) signaling. As a consequence of the broad spectrum of recognized ligands, including polyvalent cations and amino acids, and of binding site shielding by monovalent cations, additional receptor functionalities related to salinity and nutrient detection are proposed for CaSRs. CaSR expression in the gastrointestinal tract may be multifunctional as a sensor for polyvalent cations and amino acids. Structural and phylogenetic analyses reveal strongly conserved features among CaSRs, and suggest that calcium sensing by mammalian parathyroid gland-type CaSR proteins may be restricted to chordates. Comparative functional and genomic studies that include piscine CaSRs can be useful model systems for testing existing hypotheses regarding receptor function, and will shed light on the evolutionary developmental history of calcium homeostasis in the vertebrates.